To determine the effects of cobalt chloride on human submandibular gland cells, HSG cells were exposed to various concentrations of cobalt chloride. Cobalt chloride induced cytotoxicity and cell death in HSG cells as determined by phase-contrast microscopy and WST-1 cell viability assay. By using the Hoechst 33342 staining, marked nuclear condensation and fragmentation of chromatin were observed in cobalt chloride-treated cells. Cobalt chloride induced DNA ladder formation in HSG cells in both dose-and timedependent manner with maximal effect at a concentration of 0.5 mM and 48 h, respectively. Cobalt chloride inhibited the expression of both Bcl-2 protein and mRNA in dose-and time-dependent manner. Zinc chloride recovered the cobaltsuppressed Bcl-2 expression and protected against cobaltinduced apoptosis in HSG cells. Our results show that the pathway of the apoptosis in HSG cells is regulated by cobalt chloride and zinc chloride. Our results also indicate that cobaltinduced apoptotic steps in HSG cells are related to the production of Bcl-2 protein.
Introduction
Apoptosis is one of the essential steps in the maintenance of normal cell populations of adult mammals and occurs continually in various cell populations. Apoptosis is a morphologically and biochemically distinct mode of cell death that plays major roles during embryogenesis, carcinogenesis, cancer treatment, or immune and toxic cell killing (1) (2) (3) (4) (5) . The cytologically apparent stages of apoptosis are rapid condensation of chromatin and fragmentation of the cells with membraneenclosed apoptotic bodies that are phagocytosed and digested by nearby resident cells (6) . A biochemical characteristic feature of the process is double-strand cleavage of nuclear DNA at the linker regions between nucleosomes, leading to the production of oligonucleosomal fragments with 180 base pairs, which results in a characteristic laddering pattern on agarose gel electrophoresis (7, 8) .
Cytotoxicity and genotoxicity of metal compounds have been studied in a variety of systems in human carcinogenesis (9) . Among the metal compounds cobalt chloride is registered as a mutagen or genotoxin. Cobalt salt is a minimal or weak mutagen judged by the gene mutation assay with cultured mouse fibroblasts (10, 11) . However, it showed clear clastogenicity in vivo in Syrian hamsters and mice (12) . Another cobalt salt, Co (NH 3 ) 2 , did not induce chromosome aberration in the cultured cells (9) . These findings suggest that Co (II) ion exerts it genotoxic effect preferentially on in vivo systems rather that on in vitro systems. Cobalt and other metal chloride were also comparatively assayed in the wing spot test (13) .
There is little information on apoptosis in salivary gland cells (14, 15) , and the role of metal compounds in induction of apoptosis in salivary gland cells remains obscure. To study whether apoptosis in salivary gland cells is related to cobalt ion, human submandibular gland cell line HSG cells, which retain some of the features of salivary gland ductal cells (16, 17) , was treated with cobalt chloride and apoptosis was studied by morphological and biochemical means.
Materials and methods

Materials.
Cobalt chloride, zinc chloride and other metal compounds were purchased from Wako Chemicals (Osaka, Japan). Cells and culture conditions. Human submandibular gland ductal cell line HSG cells were provided by Dr Mitsunobu Sato. The cells were grown in plastic dishes containing D-MEM supplemented with 10% (v/v) FBS, 2 mM glutamine, 100 U/ml penicillin, and 100 μg/ml streptomycin and maintained at 37˚C in a humidified atmosphere of 5% CO 2 and 95% air. The cells were subcultured every 7 days using 0.25% trypsin together with 1 mM EDTA in PBS. For experiments, 2x10 5 cells in 10 ml of medium were plated in 90-mm plastic dishes and incubated for 6 days, at which time the cells were ~90% of confluence. The cells were treated with the agents by adding small volumes of sterile stock solutions to the media and culturing for indicated time. Cell morphology was monitored with an Olympus IMT-2 phase-contrast microscope equipped for photomicroscopy. Phase-contrast microphotographs were taken with Fuji Presto 100 films.
WST-1 assay. The cytotoxicity of HSG cells was analyzed by the WST-1 quantitative colorimetric assay for cell survival (18) . The assay detects living, but not dead, cells and the generated signal depends on the degree of activation of the cells. WST-1 reagent (16 mg) and 0.2 mM 1-methoxy-5-methylphenazinium methylsulfate (Cell counting kit, Dojindo Laboratory, Kumamoto, Japan) were dissolved in 100 ml of 20 mM HEPES buffer (pH 7.4). HSG cells grown in 96-well culture plates were treated with the agents for various time periods and washed once with medium. The reaction solution (10 μl) was immediately added to 100 μl of a culture medium per well and the cells were then incubated for an additional 90 min at 37˚C in a humidified atmosphere of 5% CO 2 and 95% air. The absorbance of each sample was measured at 405 nm with an ImmunoMini NJ-2300 microplate reader (Japan Intermed, Tokyo, Japan). Data were expressed as means ± SEM. The statistical significance was determined using the Student's t-test calculated by Microsoft Excel 5.0 (Microsoft, Redmond, WA, USA). The level of significance was set at P<0.01.
Nuclear fragmentation assay with Hoechst staining. The cells were plated on sterile 18-mm round glass coverslips placed in 60-mm plastic dishes and cultured. After appropriate cultivation, the coverslips were removed from the dishes and placed directly into 10% formalin in PBS for 10 min at ambient temperature. The fixed cells were washed three times with PBS and permeabilized with methanol for 10 min at -20˚C. After washing three times with PBS the coverslips were incubated with Hoechst 33342 (10 μg/ml) for 10 min at ambient temperature, rinsed with PBS, and the coverslips were mounted while wet in aqueous mounting medium (Biomeda, Foster City, CA, USA). Cells were examined under an Olympus BX-50 microscope equipped for epifluorescent illumination (BX-FLA). The numbers of apoptotic cells and non-apoptotic cells were counted and the percentages of apoptotic cells were evaluated. Fluorescent photomicrographs were taken on Fuji Presto 400 film using photomicroscopy (PH-30).
DNA isolation and agarose gel electrophoresis. Cells were washed twice in PBS followed by lysis in cold 10 mM Tris-HCl buffer (pH 7.5), 10 mM EDTA, and 0.5% Triton X-100. After cell lysis, debris was removed by centrifugation at 15,000 g for 20 min. RNase was added to the lysates at a final concentration of 20 μg/ml, and incubated for 1 h at 37˚C with gentle shaking. Proteinase K was added to the RNasetreated lysates at a final concentration of 20 μg/ml. The lysates were further incubated for 1 h at 37˚C with gentle shaking. DNA was precipitated with 50% 2-propanol and 0.5 M NaCl overnight at -20˚C. After centrifugation and drying, the DNA was dissolved in TE-buffer (10 mM Tris, pH 8.0, containing 1 mM EDTA). Agarose gel electrophoresis of DNA was performed through a 2.0% agarose gel, 100 bp DNA markers (New England BioLabs, Beverly, MA, USA) were run in the same gels. The gels were stained for 10 min with 10 μg/ml ethidium bromide. To visualize apoptotic alterations to DNA integrity, we observed the DNA bands on an UV transilluminator (Vilber Lourmat, Marnela Vallee, France). Photographs were taken with a Polaroid DS-300 camera.
SDS-PAGE and Western blotting.
Cells were washed twice with PBS and scraped into lysate buffer containing 1 mM dithiothreitol, 1 mM phenylmethylsulfonyl fluoride, 1 μg/ml leupeptin, 2 μg/ml aprotinin, and 5 mM EGTA in PBS. The cells were sonicated for 10 sec with a sonifier cell disrupter. The sonicates were centrifuged for 10 min at 10,000 g. The supernatants were denatured in sample buffer and heated in boiling water for 5 min. Equal amounts of proteins and prestained molecular weight markers (Gibco BRL) were separated by 12.5% SDS-PAGE and transferred to the polyvinylidene difluoride (PVDF) membranes (Immobilon, Millipore, Bedford, MA, USA). The membranes were incubated for 2 h in a blocking solution containing 5% skim milk in PBS at ambient temperature. The membranes were washed briefly in PBS and incubated overnight in the blocking solution containing a polyclonal anti-Bcl-2 antibody diluted 1:100 or anti-Bax antibody diluted 1:5,000 at 4˚C. The membranes were washed four times within 30 min in PBS containing 0.05% Tween-20 using a rotary shaker at ambient temperature. The washed membranes were incubated with horseradish peroxidase (HRP)-conjugated anti-rabbit IgG (diluted 1:3,000 or 1:5,000) in the blocking solution for 2 h at ambient temperature. The membranes were washed as described and the proteins recognised by the antibody were visualised using an ECL detection kit (Amersham Pharmacia Biotech, Uppsala, Sweden) according to the manufacturer's directions.
RNA preparation and reverse transcriptase-polymerase chain reaction (RT-PCR).
Total RNA was isolated from HSG cells by Isogen (Nippon Gene, Tokyo, Japan) followed by phenol extraction and ethanol precipitation. Purified RNA was further incubated with DNase I (Sigma) to digest the contaminated DNA. cDNA was synthesised using AMV Reverse Transcriptase XL and Oligo dT-Adaptor Primers (Takara, Osaka, Japan). RT-PCR was performed on the cDNA using the following sense and antisense primers: Bcl-2, sense, 5'-AACAGTCTTCAGGCAAAACG-3'; Bcl-2, antisense, 5'-CTTTTCCTCCCACCAGGTAT-3'. ß-actin, sense, 5'-GTGGGGCGCCCCAGGCACCA-3'; ß-actin, antisense, 5'-CTCCTTAATGTCACGCACGATTTC-3'. Each RT-PCR experiment was carried out using cDNA generated from 0.2 μg of total RNA. The RT-PCR exponential phase was determined from 30 to 35 cycles to allow semiquantitative comparisons among cDNAs developed from identical reactions. All reactions involved an initial denaturation at 95˚C for 10 min followed by at 94˚C for 50 sec, 58˚C for 50 sec, and 72˚C for 50 sec on a Program Temp Control System PC-701 (Astec, Fukuoka, Japan). Reaction was terminated after 5 min elongation step at 72˚C. Amplification products were analysed on 2.0% agarose gels and visualised by ethidium bromide staining with a UV transilluminator. Photographs were taken with a Polaroid DS-300 camera. Fig. 1 shows the phase-contrast microphotographs of HSG cells treated with cobalt chloride. Control cultures did not show any cytotoxicity (Fig. 1A) . Treatment for 24 h with 0.1 mM cobalt chloride had minimum effect on HSG cell survival as observed under a phase-contrast microscope (Fig. 1B) . Cell rounding and shrinking were obvious in the cultures treated with 0.2 mM (Fig. 1C) or 0.5 mM (Fig. 1D ) cobalt chloride, indicating that the cells are experiencing cytotoxicity. Morphological changes in HSG cells were not observed by 12 h after 0.5 mM cobalt-treatment (data not shown). At 12 h the cells began to detach from the dishes and at 24 h most cells exhibited rounding and shrinking (Fig. 1D) . To further quantify the cobalt-induced cell death in HSG cells, cytotoxicity was measured by the WST-1 cell viability assay. Fig. 2 shows that cobalt chloride induced cytotoxicity in HSG cells in a dose-dependent manner up to 1 mM. The level of the cell viability when treated with 0.5 mM cobalt chloride was 25% of the cell viability observed in the control cultures (Fig. 2) .
Results
Effect of cobalt chloride on cell viability in HSG cells.
Induction of apoptosis in HSG cells by cobalt chloride.
To determine if the cobalt chloride-induced cytotoxicity in HSG cells was due to apoptosis, we evaluated the presence of nuclear fragmentation and condensation in HSG cells treated for 48 h with various concentrations of cobalt chloride. The control cultures of HSG cells (Fig. 3A) did not show any apoptotic features. However, nucleic acid staining with Hoechst 33342 revealed typical apoptotic nuclei, which exhibited highly fluorescent condensed chromatin in the cells treated with 0.5 mM cobalt chloride (Fig. 3B) . The number of the cells with nuclear fragmentation increased in response to cobalt chloride in dose-and time-dependent manner (data not shown). In the HSG cells treated for 48 h with cobalt chloride, a DNA fragmentation pattern forming a ladder of multiples of 180 bp was observed (Fig. 4A) . The DNA laddering pattern of the cobalt-treated cells reached a maximal level at 0.5 mM. The time-dependence of the cobalt induced-DNA ladder formation in HSG cells is shown in Fig. 4B . DNA laddering occurred as early as 24 h after cobalt chloride-treatment. The dose-and time-dependence of cobalt-induced DNA ladder formation were comparable to that of the cytotoxicity obtained from WST-1 assay.
Effects of zinc chloride on cobalt chloride-induced apoptosis in HSG cells. HSG cells were treated for 24 h with various concentrations of zinc chloride with or without 0.5 mM cobalt chloride. Zinc chloride increased the cobalt-suppressed cell viability in HSG cells in a dose-dependent manner up to 100 μM measured by WST-1 assay (Fig. 5A) . Cell viability of the cultures co-treated with zinc chloride and cobalt chloride was three times higher than that of the cobalt-treated cells. Zinc chloride alone at the doses used did not show any cytotoxicity in HSG cells. Fig. 5B shows an agarose gel of electrophoresed DNA isolated from the HSG cells treated for 48 h with various concentrations of zinc chloride under a fixed dose of cobalt chloride (0.5 mM). In the cobalt-treated cells, DNA ladder formation was obvious; however, the degree of DNA laddering decreased as the concentrations of zinc chloride increased. Zinc chloride at 100 μM completely recovered the cobalt-induced DNA laddering and no ladder formation was detected. The same concentrations of zinc chloride had no effects on DNA ladder formation (data not shown). Fig. 6 shows the reaction between the anti-Bcl-2 and antiBax antibodies and the proteins extracted from the 0.5 M cobalt-treated HSG cells. Anti-Bcl-2 antibody interacted with a band having an estimated molecular weight of 43 kDa. HSG cells expressed detectable level of Bcl-2 protein at the confluent stage. The staining intensity of Bcl-2 protein timedependently decreased in the cell lysates prepared from the 0.5 mM cobalt-treated cells (Fig. 6) . The staining intensity of Bax protein did not change in the lysates from the cells treated with 0.5 mM cobalt chloride up to 48 h. The corresponding band was not detected in the extracts of the cells incubated with the same dilution of normal rabbit serum (data not shown). Fig. 8 shows that the expression of Bcl-2 mRNA decreased in a time-dependent manner up to 8 h. The RT-PCR product of ß-actin prepared from the same samples and amplified for the same number of cycles is also shown in Fig. 8 . There were no quantitative differences in the PCR product of ß-actin between the cells treated with different concentrations of cobalt chloride. Fig. 9 shows that zinc chloride enhanced the mRNA expression of Bcl-2 in HSG cells that was suppressed by the cobalt treatment. The maximum stimulation was observed at 100 μM zinc chloride. The same concentrations of zinc chloride without cobalt chloride did not alter the Bcl-2 mRNA expression (data not shown). The ß-actin mRNA was constitutively expressed, and its level was not affected by the treatment of zinc chloride.
Prevention of Bcl-2 expression by cobalt chloride and recovery of the cobalt-suppressed Bcl-2 expression by zinc chloride.
Discussion
In the present study, we treated HSG cells with various concentrations of cobalt chloride for various time-points to examine whether this metal compound could induce apoptosis in these cells. Obvious morphological changes were observed in HSG cells treated with cobalt chloride by phase-contrast microscopy. Loss of cell viability in cobalt-treated cells was also demonstrated by the WST-1 cell viability assay. By using the Hoechst 33342 staining, marked nuclear condensation and fragmentation into spherical bodies were demonstrated. good agreement with the past reports concerning their biological effects in other systems (19) (20) (21) . It was reported that cobalt chloride induced DNA ladder formation in HL-60 cells but not in human gingival fibroblasts (22) . These findings together with our present results suggest that the pathway of cobalt-induced apoptosis might be different in the cells examined. The mechanisms of the cobalt-induced apoptotic pathway should be examined in details.
Some metal ions were reported to have cytocidal activity and induce apoptosis in certain cell types (23) . Cobalt chloride was reported to induce hypoxia environment, stimulate the expression of hypoxia-inducible factor-1α (HIF-1α), and induce apoptosis in cultured cells probably via a PI3 kinase/Akt pathway (24) (25) (26) . However, it was reported that hypoxia induced (27) or protected apoptosis (28) in cultured cells via HIF-1α-independent pathways.
HIF-1α was also reported to stabilise wild-type p53 oncosuppressor protein (29) . Since p53 is expressed in HSG cells (30) , cobalt-induced apoptosis in HSG cells may play a role related to p53. It has also been reported that apoptosis is related to p53, which induces redox-related genes and formation of reactive oxygen species (31) . In our preliminary results, the antioxidants including ascorbic acid and cysteine protected against the cobalt-induced apoptosis in HSG cells. Cobaltinduced apoptosis in HSG cells demonstrated in the present study might play a role in at least one pathway related to reactive oxygen species.
Members of the Bcl-2 protein family play important roles in regulating apoptosis. Bcl-2 protein is probably the best studied apoptotic suppressor and it is known to prevent apoptosis in response to a large variety of stimuli. The effects of Bcl-2 protein on apoptosis were determined by its interaction with Bax. Bax promotes apoptosis by inducing loss of the electrochemical gradient across the inner membrane of mitochondria and participates in the formation of the mitochondrial pores, which influence the release of cytochrome c, AIF, or smac/Diablo. All these effects are suppressed by Bcl-2. In the present study, we demonstrated that cobalt chloride decreased the expression of Bcl-2 both at transcriptional and translational levels. Cobalt chloride was reported to decrease the level of Bcl-2 protein in human U937 macrophages (32) . Bcl-2 protein may share the same signaling pathway with Fas receptor and interferes with the apoptotic process mediated by the Fas receptor (33) . If cobalt chloride induces downregulation of Bcl-2 protein, Fas receptor and Fas ligand expression stimulated by cobalt chloride might promptly induce apoptosis (34) . Cobalt chloride also induced apoptosis via protein kinase and caspase activation (35, 36) .
We demonstrated that zinc chloride protected the cobaltinduced apoptosis in HSG cells. Zinc chloride restored the cobalt-suppressed expression of Bcl-2 in HSG cells. It was reported that zinc chloride inhibited apoptosis by suppressing Bcl-2 expression in cultured human prostate epithelial cells (37) . Zinc may act in the early phases of the apoptotic pathway, before the activation of caspase cascades leading to DNA fragmentation and degradation (38) (39) (40) . These results are in line with the inhibition of H 2 O 2 -induced apoptosis by zinc, parallel to decrease of Bax expression in U937 cells (41) . It was reported that zinc inhibited Bax and Bak activation and cytochrome c release induced by chemical inducers of apoptosis (42) . The regulation of mitochondrial proteins is not the only target of zinc (43) . Zinc is able to act at different levels on the apoptotic pathway. It was shown that zinc prevented ricin-induced apoptosis by an inhibition of the increase of caspases 3, 6, and 9 in U937 cell line (44) . The induction of metallothionein was also postulated as a mechanism involved in the anti-apoptotic effects of zinc, but the induction of metallothioneins by zinc requires pre-treatment of cells with this metal (45) . Anti-apoptotic properties of zinc have often been compared to Bcl-2 anti-apoptotic properties. They can both prevent caspase cascades and protect cells from oxidative stress (46, 47) . Our results together with those of others suggest that an increase of the Bcl-2 protein can be a target for zinc in relation to its anti-apoptotic properties. In further experiments, it would be worth studying the mechanisms of the regulation of Bcl-2 by zinc chloride. Zinc has been shown to enhance the transcriptional activity of some genes, which contain specific zinc-finger regions. To our knowledge, however, no studies have shown that Bcl-2 gene could have a metal-response element in its promoter/ enhancer regions. Proteins that play a role in apoptosis are numerous and a better understanding of their mechanisms is necessary to know how these proteins interact with zinc, because intracellular zinc levels influence cell survival (23, 43) . Studies of the anti-apoptotic properties of zinc are important lines of research, not only in disease where zinc homeostasis is often distorted, but also in the comprehension of cancer mechanisms, where inhibition of apoptotic process may in involved.
During salivary gland development, acinar cells are thought to arise from pluripotent stem cells derived from the intercalated ductal cells (48) . HSG cells have characteristics of intercalated duct cells (16, 17) and differentiate to acinar cells, fluid-secreting cells of salivary gland (14) . HSG cells also are able to mimic several features of the Sjögren's syndrome process and apoptosis in these cells is induced by treatment with interferon-γ (15) . Primary Sjögren's syndrome is a chronic autoimmune disease of salivary glands, which produce little or no saliva because of the absence of acinar cells. Our findings suggest that metal ions including cobalt and zinc may be significant factors in the function and regulation of salivary glands, including normal growth and repair processes, pathogenesis of Sjögren's syndrome, or apoptosis.
